We report the results of the mid-infrared spectroscopy of 14 Galactic starforming regions with the high-resolution modules of the Infrared Spectrograph (IRS) on board the 2+ /S 2+ for the ionized gas. Based on photodissociation and H II region models the gas-phase Si and Fe abundance are suggested to be 3-100% and < 8% of the solar abundance, respectively, for the ionized gas and 16-100% and 2-22% of the solar abundance, respectively, for the photodissociation region gas. Since the [Fe II] 26 µm and [Fe III] 23 µm emissions are weak, the high sensitivity of the IRS enables to derive the gas-phase Fe abundance widely in star-forming regions. The derived gas-phase Si abundance is much larger than that in cool interstellar clouds and that of Fe. The present study indicates that 3-100% of Si atoms and < 22% of Fe atoms are included in dust grains which are destroyed easily in H II 6 Gunma Astronomical Observatory, 6860-86 Nakayama, Takayama, Agatsuma, Gunma 377-0702, Japan -2 -regions, probably by the UV radiation. We discuss possible mechanisms to account for the observed trend; mantles which are photodesorbed by UV photons, organometallic complexes, or small grains.
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Introduction
One of the methods to probe chemical compositions of interstellar dust grains is to examine the gas-phase abundance of a certain element and attribute its deficiency against the reference abundance (i.e. depletion) to those contained in dust grains. Since the gas-phase emission or absorption lines are relatively easy to observe and interpret, this method can be applied for large samples. The depletion pattern in diffuse interstellar matter (ISM) has been studied on the basis of ultraviolet (UV) absorption lines (Savage & Sembach 1996; Jenkins 2004) . Previous work for tenuous interstellar clouds (n H 10 cm −3 ) indicates that Si, Mg, and Fe, which are the major constituents of dust grains, show different depletion patterns; Si atoms return to the gas phase most easily, Mg is depleted more than or similarly to Si, and Fe atoms tend to remain most insistently in dust grains (Sofia et al. 1994; Fitzpatrick 1996; Jones 2000; Cartledge et al. 2004 Cartledge et al. , 2006 Miller et al. 2007 ). These suggest that silicates contain primarily Mg and most or all Fe atoms are in other components of dust such as metal or oxides. The depletion of these elements correlates with the average hydrogen density in the line of sight, indicating that the ISM consists of two types of clouds, warm and cold (Cartledge et al. 2006; Jensen & Snow 2007) . For more dense clouds with n H = 100-1000 cm −3 , Si and Fe is highly depleted (Joseph et al. 1986 ).
Depletion in active star-forming regions, where the density is much higher than in diffuse clouds (n H ∼ 10-10 6 cm −3 ), has been studied by infrared line emissions with the Kuiper Airborne Observatory (KAO) and the Infrared Space Observatory (ISO; Kessler et al. 1996) . Intense [Si II] 35 µm emission has been reported in a shocked region in Orion (Haas et al. 1991) , the Galactic center region (Stolovy et al. 1995) , and the massive star-forming region Sharpless 171 (S171, Okada et al. 2003 ) and the Carina nebula (Mizutani et al. 2004) , which are attributed to the large gas-phase Si abundance of > 30% of solar. Not only in ionized regions but also in photodissociation regions (PDRs) large gas phase Si abundances of 10-50% of solar have been reported in the massive star-forming region S171, G333.6-0.2 (Colgan et al. 1993 ) and OMC-1 (Rosenthal et al. 2000) , and in reflection nebula ρ Oph (Okada et al. 2006 ) and NGC 7023 (Fuente et al. 2000) , whereas Young Owl et al. (2002) indicated that the intensities of [Si II] 35 µm in two reflection nebulae agree with the interstellar gas phase abundance (a few percent of solar).
At visual wavelengths, abundance studies of H II regions have been carried out for the Galactic gradients of O (Shaver et al. 1983; Pilyugin et al. 2003) , and also of N, S, or C (Vilchez & Esteban 1996; Esteban et al. 2005) in the context of the Galactic chemical evolution. Several observations of Chephides and OB stars have also been performed to examine the abundance in the Galactic disk. The derived O abundance in the solar vicinity is compatible with its gas-phase abundance in H II regions (Rolleston et al. 2000; Pilyugin et al. 2003 , and references therein). There are few optical studies of the gas-phase abundance of highly depleted elements in H II regions. Rodríguez (2002) shows that Fe abundance in seven Galactic star-forming regions is estimated to be 2-30% of solar. Since the [Fe II] 26 µm and [Fe III] 23 µm lines are weak, only a few detections of these lines have been so far reported (Timmermann et al. 1996; van den Ancker et al. 2000; Rosenthal et al. 2000) and little constraint on the gaseous Fe abundance has been imposed before the Spitzer Space Telescope (Werner et al. 2004 ) in infrared. In this paper, we report the depletion pattern of Fe as well as Si in Galactic star-forming regions observed with the Infrared Spectrograph (IRS; Houck et al. 2004 ) on board Spitzer.
Observations and Data Reduction

Target Selection
The properties of the targets and the observation parameters are listed in Table 1 and the coordinates of each observed position are listed in Table 2 . In the following, s# represents the observed position identifiers. We have observed two groups of targets: (a) H II region/PDR complexes within a few kpc from the Sun that have been studied with ISO or KAO mapping observations, and (b) giant H II regions in the Galactic plane located at various distances from the Galactic center and on different spiral arms. As group (a), we have selected four star-forming regions where far-infrared spectroscopic observations have been made by ISO or KAO at more than two positions, and the [N II] 122 µm or 205 µm (if in the ionized region) and [O I] 146 µm or 63 µm emissions have been obtained, and the properties of the PDR gas have been derived. Among about twenty regions that satisfy these criteria, we have selected four regions that covers a wide range of the energy of the exciting source (Table 1) . We examine correlations among lines detected by the IRS with them, deriving the abundance of Si + and Fe + relative to N + or O 0 in H II regions and/or PDRs. To take account of the difference in the aperture size between the IRS (11.1 ′′ × 22.3 ′′ for the whole slit) and the ISO/LWS (66.4 ′′ -87.0 ′′ ) or KAO (45 ′′ -60 ′′ ), we observed 4 positions (2 × 2 mapping) with the IRS within the aperture of the ISO or KAO.
Group (b) targets have been selected from Conti & Crowther (2004) of a catalog of giant Galactic H II regions with a Lyman continuum photon number N(Lyc) ≥ 10 50 photon s −1 . Bright and giant regions are suitable for mapping observations within a reasonable observation time. To minimize the uncertainty from the density variation in the observed regions, we have selected H II regions that show smooth radio continuum emission and do not have clumpy structures in them.
Observed positions in individual targets
S171 is an active star-forming region excited by an O7 type star (see Okada et al. 2003 , and the references therein). Okada et al. (2003) have made one-dimensional raster scan observations of p1-p24, going from the vicinity of the exciting star (p1) to the molecular clouds (p24). We observed 6 positions, each of which has 2 × 2 mapping, of p8-p10 and p19-p21 in Okada et al. (2003) , where p8 corresponds to s0-s3 of the present study, p9 to s4-s7, and so on ( Table 2) . The ionized gas is dominant at p8-p10, where [N II] 122 µm emission has a local maximum and located at the edge of a molecular cloud (Okada et al. 2003) . Contribution from the PDR gas is suggested to be significant at p19-p21, around the edge of another molecular cloud.
σ Sco is a star-forming region excited by a B1 type star, which is not associated with CO molecular clouds (see Okada et al. 2006 , and the references therein). Okada et al. (2006) have made one-dimensional raster scan observations of p1-p15, through σ Sco (between p13 and p14) toward the north-west direction, where the [C II] 158 µm and IRAS 100 µm continuum emissions show an extended structure. We observed p7, p9, and p10 in Okada et al. (2006), where [N II] 122 µm emission has been detected, as s0-s3, s4-s7, and s8-s11, respectively, in the present study (Table 2 ).
G333.6-0.2 is a bright H II region at radio and infrared wavelengths and almost totally obscured in the visible. It is likely to be excited by a cluster of O and B stars Becklin et al. 1973; Fujiyoshi et al. 1998) . Since the center of G333.6-0.2 is too bright to observe, we made observations at 3 positions (s4-s7, s8-s11, and s12-s15) that correspond to N1, N2, and N3 in Simpson et al. (2004) , 1 ′ , 2 ′ , and 3 ′ away from the center to the north ( Fig. 1 and Table 2 ). The positions of s0-s3 are located at ∼ 1 ′ northwest from the center. Part of the Long-High (LH) field-of-view of s2 overlaps with that of s7, and so does s3 with s6 ( Fig. 1) . NGC 1977 is excited by a B1 star and has an H II region/molecular cloud interface that is nearly edge-on (Subrahmanyan et al. 2001; Young Owl et al. 2002 , and the references therein). We observed at the [C II] peak position, the [O I] peak position, and the position with the second strongest [O I] intensity in Table 4 of Young Owl et al. (2002) as s0-s3, s4-s7, and s8-s11, respectively (Table 2) . Among them the [C II] peak is the nearest (∼ 6 ′ southwest) from the exciting star. All those positions are located at outside of the optically bright edge, which corresponds to the ionization front (Kutner et al. 1979; Subrahmanyan et al. 2001 ).
For group (b) targets, we made staring observations with the nodding at 3 or 4 positions for each target. The positions of s0 and s1 are a nodding pair, so are s2 and s3, s4 and s5, and s6 and s7. For two targets, ISO/SWS and LWS single position observations have been reported by Peeters et al. (2002) (see Table 2 ).
Observation parameters and techniques
The observations were performed in the cycle 2 general observer program (ID: 20612) of Spitzer. All targets were observed with the LH module of the IRS, which provided spectra of λ/∆λ ∼ 600 in 18.7-37.2 µm. Some of the targets were observed also with the ShortHigh (SH) module in 9.9-19.6 µm, which are listed in Table 3 . For S171 (except for s4-s7), NGC 1977, G32.797+0.192, and G351.467-0 .462, we made background observations to reduce the effects of rogue pixels 1 . Other targets are bright enough and we do not need background observations, or the observations had been made before the problem of rogue pixels was noticed. For these targets the background subtraction is not applied.
For all the observations, the data of the pipeline version S13 or S14, which are identical for LH and SH, were used. We start with the basic calibrated data (BCD). When we made background observations, we subtract them from the on-source observations. After we apply IRSCLEAN to correct rogue pixels, we process the BCD by using SMART 2 software (Higdon et al. 2004) . After coadding the BCD of the same positions, we extract the spectra with the full aperture, i.e. taking a sum along the slit with SMART. Since the IRS intensities have been calibrated against point sources, we apply the extended source correction, which takes account of the aperture correction and the slit efficiency. Examples of the obtained spectra are shown in Fig. 2 .
We obtained the line intensities by Gaussian fits by assuming a linear baseline. The results are summarized in Tables 2 and 3 fitting and the baseline uncertainties. For the line emission less than 3 times the uncertainty (< 3σ) we give 3σ as an upper limit. For each mapping dataset of group (a), we coadded the spectra and derive average line intensities to compare with the results of ISO and KAO. They are also shown in these tables. In the following, we describe these coadded spectra as s(0-3), to be distinguished from individual observations from s0 to s3 that are designated by s0-s3. Table 4 shows the ionization potential of elements of the detected lines and the configuration and the energy level of upper state are given in 122 µm stem only from the ionized gas thus we use those lines to discuss the gas-phase abundance in the ionized gas. These lines are collisionally excited by electrons. The H 2 S(0) 28 µm emission as well as [O I] 63 µm and 146 µm traces the PDR gas.
Origin of individual emission lines
Extinction corrections and foreground contamination
We apply extinction correction to the observed line intensities as follows. S171, σ Sco, and NGC 1977 are located within 1 kpc from the Sun and well visible in optical (Sharpless 1959; Whittet 1974; Subrahmanyan et al. 2001) . The mean A V per kiloparsecs for lines of sight close to the Galactic plane is ∼ 1.8 mag (Whittet 2003) , and thus the extinction is considered to be negligible at mid-infrared wavelengths. For G333.6-0.2, we estimate the extinction correction factor to be multiplied to the observed intensities from τ 9.7 = 1.5 (Fujiyoshi et al. 2001; Simpson et al. 2004 ) and the extinction law from Weingartner & Draine (2001) and Draine (2003a,b) For group (b) targets, the obtained line intensities can be contaminated by foreground gas in the Galactic plane. We estimate the effect from the 1420 MHz continuum observations of NRAO VLA sky survey (Condon et al. 1998) . The intensity of the radio continuum of the position observed by the IRS is larger than the surrounding diffuse emission by a factor of 10 or more, except for G32.797+0.192 s4 and s5 and G359.429-0.090 s4-s7. For G32.797+0.192 s4 and s5 the factor is ∼ 8, while the radio intensity at G359.429-0.090 s4-s7 is almost the same as diffuse emissions. Therefore, we consider the obtained line intensities at G359.429-0.090 s4-s7 as upper limits and exclude them in the following abundance discussion.
Results
The results are summarized in Tables 2 and 3 Table 6 . Since the number of data is small, we make t-test to examine the reliability of the derived correlation coefficients, and the results are also shown in Table 6 . When the rejection region is < 1%, the assumption that there is no correlation can be rejected with 99% reliability.
In the following, we estimate the abundance ratio between several ions using these line ratios, taking account of the contributions from the ionized and PDR gas. For the ionized gas, we refer to models of an isothermal cloud of 7000-12000 K with a uniform density with the optically thin condition. The relevant fine structure levels are taken into account except for Fe + , for which a6D, a4F, and a4D levels are also included into the calculation. Pumping and subsequent downward cascades from higher levels are not taken into account, but they have negligible effects on the [Fe II] 26 µm emission (Verner et al. 2000) . Collision coefficients and A-coefficients of relevant transitions are from Zhang & Pradhan (1995) and Quinet et al. (1996) for Fe + , Nahar & Pradhan (1996) and Zhang (1996) for Fe 2+ , Osterblock (1992) and Shibai (1992) for Si + , N + , and S 2+ . Using the density of each region derived by previous studies (Table 1) , we estimate the abundance ratio of two ions from the line ratio. In the following, we describe the abundance ratio of two ions against the solar abundance by Asplund et al. (2005) shown in Table 7 as (Fe
where "as" means "against solar". Since S and N are considered to be little depleted (Savage & Sembach 1996) , we use line ratios against [S III] or [N II] lines to discuss the depletion pattern of Si and Fe. For the PDR gas, we compare the observed line ratios with those of PDR models by Kaufman et al. (2006) and simply attribute the discrepancy to the abundance ratios. The assumed abundance of each element in the PDR model is indicated in Table 7 . We estimate the abundance ratio from comparison of the observed line ratios with those of the models by simple scaling.
Group (a)
3.1.1. S171
The [Si II] 35 µm intensities derived from the averaged spectra over 4 mapping positions ( Table 2 ) agree with that of ISO/SWS (Okada et al. 2003 ) within 1σ except for s(12-15) and s(20-23), where they are in agreement within 2σ. The difference in the aperture size is the most likely cause of the disagreement, since the variation within each 4 mapping positions is larger than the uncertainty of the line intensity derived from the averaged spectrum. 35 µm emission comes from the ionized gas except for p19 and p21, where a significant contribution from the PDR is indicated (Okada et al. 2003) . Figure 3 and 122 µm and do not cover a wide range along the distance from the exciting star. The positions of s0-s11 (p8-p10) is located at 1.4-1.8 pc from the exciting star and s12-s23 (p19-p21) is located at 3.6-4.0 pc. Both correspond to clouds around dense molecular clouds, and the contribution from the PDR gas is suggested for the latter from the ISO observations. Thus the present correlation is severely affected by local conditions and does not directly imply the origin of the line emission. Okada et al. (2003) suggested that (Si + /N + ) as = 0.3 ± 0.1 assuming that the ionized gas for the origin of the [Si II] 35 µm, which is (Si + /N + ) as = 0.22 ± 0.07 when we use the solar abundance in Table 7 . Okada et al. (2003) for each cloud. Okada et al. (2003) show that positions in the cloud near the exciting star have the radiation field strength (G 0 ) in units of the solar neighborhood value (1.6 × 10 −6 W m −2 ) of about 250-1200 and the gas density of the PDR (n) of 30-540 cm −3 . PDR models by Kaufman et al. (2006) 
G333.6-0.2
The [S III] 33 µm intensities reported by KAO observations at N1 (s4-s7), N2 (s8-s11), and N3 (s12-s15) are (2850 ± 50), (990 ± 70), and (590 ± 50)×10 −8 W m −2 sr −1 , respectively, and [S III] 18.7 µm intensities by KAO at N1 and N2 are (2410 ± 240) and (550 ± 100)×10 −8 W m −2 sr −1 , respectively (Simpson et al. 2004 ). The observed [S III] 18.7 µm intensities of the averaged spectra by Spitzer do not always agree with those by KAO within 1σ, which may be attributed to the difference in the aperture size between the IRS (4.7 ′′ × 11.3 ′′ ) and KAO (60 ′′ ) observations. Table 3 shows that the [S III] 18.7 µm intensity within one mapping set (e.g. s4-s7) differs largely, and the discrepancy between Spitzer and KAO is not larger than these scatters within one mapping set. However, the [S III] 33 µm intensities by the IRS are at least by 30-40% smaller than those by KAO and these can not simply be attributed to the difference of the aperture. The cause is unknown at present. The derived density from the extinction-corrected [S III] 18.7 µm/33 µm by the IRS ranges 700-2200 cm −3 at s0-s3, 600-3000 cm −3 at s4-s7, 600-1300 cm −3 at s8-s11, and 300-1600 cm −3 at s12-s15. 205 µm ratio is sensitive to the density, thus the derived abundance ratio has a large uncertainty. For s(4-7) and s(8-11), the derived (Si + /N + ) as is in the same order of magnitude as in S171 (Okada et al. 2003) . Although the major fraction of the [Si II] 35 µm emission is considered to come from the ionized gas as mentioned above, the contribution from the PDR should not be negligible. In fact, the [Si II] 35 µm/[N II] 122 µm ratio in the center of G333.6-0.2 (Colgan et al. 1993) indicates the Si abundance of over 100% solar and thus part of [Si II] 35 µm emission should come from the PDR. We compare the observed [Si II] 35 µm/H 2 S(0) 28 µm with the PDR model by Kaufman et al. (2006) for s8 and s12-s15, where H 2 28 µm emission has been detected. PDR properties at the center of G333.6-0.2 have been derived to be G 0 = 10 5 and n = 4 × 10 4 cm −3 (Colgan et al. 1993) . If the PDR at s8 and s12-s15 has the same G 0 and n as those at the central region, the observed [Si II] 35 µm/H 2 28 µm is consistent with the model with the abundance in Table 7 , i.e. (Si + ) as = 0.05. Those observed regions are far from the central region (Fig. 1 ) and G 0 should be decreased with the square of the distance from exciting sources. If G 0 decreases to 10 3 , the observed [Si II] 35 µm/H 2 S(0) 28 µm ratio becomes larger than the model prediction by a factor of 9-23, which corresponds to (Si + ) as = 0.5-1.2.
We estimate the (Fe 2+ /S 2+ ) as to be ∼ 0.03 in G333.6-0.2 ( (Fig. 3 ) and the sampling of the observed positions is not uniform along the distance from the exciting star as in S171. Okada et al. (2006) examined physical properties of both ionized and PDR gas in the σ Sco region from far-infrared line and continuum emissions as n e < 20 cm
for the ionized gas, G 0 = 200-1200 for the PDR gas at p7, p9, and p10, and n = 20-50 cm Kaufman et al. (2006) . We plot the ratio of the observed those line intensities on the n-G 0 plane of the model in Fig. 7 . It shows that any combinations of G 0 and n can not reproduce the observed line ratios. The discrepancy can be reduced if [O I] 63 µm is optically thick in overlapping clouds toward the line-of-sight and Si in gas phase is larger than assumed in the PDR model as in S171 and ρ Oph (Okada et al. 2003 (Okada et al. , 2006 Table 2 ). We apply the extended source correction to line fluxes by Peeters et al. (2002) Okada et al. (2003 Okada et al. ( , 2006 . We fit the continuum emission of the LWS spectra with a gray-body radiation of the λ −1 emissivity to derive dust temperature, from which we estimate G 0 (Table 9) Kaufman et al. (2006) with the parameters of Table 9 . [Si II] 35 µm/FIR will be consistent with these PDR properties if (Si + ) as = 0.8-1.3 and 1.0-2.0 for two regions ( Table 9 ). The extinction correction increases (Si + ) as . The estimated Si abundance is almost solar and is much higher than the abundance estimated if the line originates from the ionized gas (Table 8) , which indicates that the major origin of [Si II] 35 µm is the ionized gas in these two regions.
Discussion
Gas-phase abundance
The analysis in the previous section derives the ionic abundance ratio as (Fe + /Si + ) as = 0.005-0.38, (Si + /S 2+ ) as = 0.03-1.7, (Si + /N + ) as = 0.08-0.4, (Fe 2+ /S 2+ ) as = 0.002-0.08, and (Fe + /N + ) as = 0.005-0.06 in the ionized gas, and (Si + ) as = 0.16-1.6 and (Fe + ) as = 0.02-0.22 in the PDR gas. In this subsection we examine the uncertainty in interpretation of these ratios as the gas-phase elemental abundance of Si and Fe against the solar abundance.
For the PDR gas, models take into account chemical reactions and the balance of the ionization, and the estimated (Si + ) as and (Fe + ) as should correspond to the gas-phase elemental abundance of Si and Fe against the solar abundance in the first order approximation. The uncertainties in the estimation of n and G 0 affect the results. According to Kaufman et al. (2006) For the ionized gas, we need to take into account the ionization structure and the ionization fraction to translate the ionic abundance ratio into the gas-phase elemental abundance ratio. Since the ionization potential of Si and Fe is similar, (Fe + /Si + ) as is a good indicator of (Fe/Si) as . The first ionization potential of N is similar to that of hydrogen, and the second ionization potential is quite high compared to that of Si (Table 4) . Thus (Si + /N + ) as is a lower limit of the gas-phase elemental abundance of (Si/N) as . This is also true for Fe + . Since N is little depleted (Savage & Sembach 1996) , (Si + /N + ) as and (Fe + /N + ) as indicate lower limits of the gas-phase abundance of Si and Fe against the solar abundance, respectively. S is also considered to not be heavily depleted in the ISM (Savage & Sembach 1996) . Though the difference between the gas-phase S abundance and the solar abundance has been discussed for H II regions (Martín-Hernández et al. 2002) , starburst galaxies (Verma et al. 2003) , and planetary nebulae (Pottasch & Bernard-Salas 2006) , Martín-Hernández et al. (2002) reported that regions with low S abundance have high density of n e > 10 4 cm −3 . Thus we assume the solar abundance as gas-phase S abundance. Since the second ionization potential of S is much larger than the ionization potential of Si ( We use the solar abundance (Table 7) as a reference elemental abundance. The uncertainty of the relative solar abundance between two elements affects the results. The solar abundance by Anders & Grevesse (1989) , Grevesse & Sauval (1998 ), Holweger (2001 , and Lodders (2003) differ by +25% for Si, +66%/ − 1% for Fe, and +55% for S from those by Asplund et al. (2005) (Table 7) . However, this is the systematic uncertainty and the result that gas-phase Si abundance is much larger than that of Fe does not change. There is also a gradient of the abundance along the galactocentric distance, and the relative abundance ratio of two elements is affected by the chemical evolution there. Basically, Si and S are α-elements, and thus the Si/S ratio is less sensitive to the metallicity. However Fe atoms are formed mostly in type Ia supernovae and N requires supplementary sources other than type II supernovae such as intermediate mass stars (Hou et al. 2000) . The ratios between these elements vary with the metallicity. The abundance gradient in our Galaxy has been derived observationally. Daflon & Cunha (2004) derive the slope of the abundance gradient as -0.04 dex kpc −1 for Si and S, and -0.046 dex kpc −1 for N from observations of young OB stars. Chen et al. (2003) show that the slope for Fe is -0.024 dex kpc
−1 from open clusters with ages less than 0.8 Gyr. A simple extrapolation indicates that the solar abundance ratio of Si/N, Fe/N, and Fe/S will decrease by 0.048, 0.176, and 0.128 dex at the Galactic center, respectively. The most affected ratio is Fe/N, which would result in an overestimate of the gas-phase Fe abundance by about 50% at the Galactic center. All the group (a) samples for which we derive the Fe/N abundance are, however, located within ∼ 3 kpc. Fe/S would result in an overestimate of the gas-phase Fe abundance only by about 30% even at the Galactic center. Thus the uncertainty of the reference abundance does not affect the gas-phase Si and Fe abundance discussed in the next subsection. On the other hand, Knauth et al. (2006) show that the abundance ratio of N/O derived from stars within ∼ 500 pc of the Sun is larger than that from distant stars by ∼ 50%. for n e = 1-10 3 cm −3 , N(Lyc)= 10 49 and 10 51 s −1 , for metallicity Z = 1 and 3, which meet physical properties of the most targets in the present study. As a result, [Fe II] 26 µm emission is dominated by the PDR in all but one model of n e = 1 cm −3 and N(Lyc)= 10 49 , whereas whether [Si II] 35 µm emission is dominated by the PDR or H II regions depends on the parameters. With typical parameters of Z = 1, n e = 100 cm −3 , and N(Lyc)= 10 51 , I SiII (PDR)/I SiII (H II)∼ 4, but it depends rapidly on the metallicity and the electron density. Abel et al. (2005) self-consistently calculated the thermal and chemical structure of an H II region and PDR with CLOUDY, and investigated the percentage of the [Si II] 35 µm line that is produced in the H II region with various physical properties. For the effective temperature of the exciting source T eff = 38000 K, n e < 70 cm −3 , and G 0 ∼ 10 2 -10 3 , which are properties in S171, the contribution of the [Si II] 35 µm emission from the ionized gas is estimated to be 30%. When n e becomes lower, or T eff becomes higher, or G 0 becomes lower, the contribution from the ionized gas increases. (Table 10) . Though strong constraints can not be obtained, the contribution from the PDR gas is not negligible in part of the observed positions. Observations of [Fe II] 18 µm with a higher sensitivity in future missions will be useful to investigate ionized gas contributions. (2003, 2006) , several PDRs also have similar gas-phase Si abundance. On the other hand, the gas-phase Fe abundance indicated by (Fe 2+ /S 2+ ) as and (Fe + /N + ) as is < 8% of the solar abundance in all the observed regions (Fig. 6) . From UV observations, the gas-phase abundance of Si and Fe in cool interstellar clouds are 5% and 0.5% solar, and those in warm interstellar clouds are 30% and 6% solar (Savage & Sembach 1996) . In diffuse interstellar clouds probed by UV observations, shock waves by supernovae destroy dust grains. The gas-phase abundance of several elements including Si and Fe shows a trend to increase with the velocity of the clouds, indicating that shocks that accelerate clouds may be a dominant process for dust destruction (Fitzpatrick 1996; Cowie 1978 ). The gas-phase Si and Fe abundance in star-forming regions discussed in the present paper is in a range similar to that of warm interstellar clouds. However, dust grains in star-forming regions should originate from dense cool clouds, where Si and Fe are highly depleted (Joseph et al. 1986 ), and they are processed by UV radiation or stellar winds from newly born massive stars in a different way from grains in warm interstellar clouds.
Si-and Fe-bearing dust grains
It is generally accepted that interstellar dust grains consist of amorphous silicates and some form of carbonaceous materials (Draine 2003a) . Si, Mg and Fe can be major constituents of silicate, but UV observations indicate that they show different depletion patterns; Si atoms return to the gas phase most easily, Mg is depleted more than or similarly to Si, and Fe atoms tend to insistently remain in dust grains (Sofia et al. 1994; Fitzpatrick 1996; Jones 2000; Cartledge et al. 2004 Cartledge et al. , 2006 . These indicate that silicates contain primarily Mg and most or all Fe atoms are in other components of dust such as metal or oxides. Although the trend that Si atoms return to the gas phase more easily than Fe is the same in star-forming regions discussed in the present paper as in diffuse ISM, silicate should survive generally in the ionized regions since it has a large binding energy of ∼ 5 eV (Tielens 1998 ). The present study indicates that 3-100% of Si atoms and < 22% of Fe atoms are included in dust grains which are destroyed easily in H II regions, probably by the UV radiation. The presence of mantles which release Si atoms into the gas phase by photodesorption by UV photons (Walmsley et al. 1999) or organometallic complexes such as PAH cluster (Marty et al. 1994; Klotz et al. 1995 ) is suggested. Another possibility is that a fraction of Si and Fe atoms are in very small grains. Rodríguez (2002) lines in bright Galactic H II regions and found the Fe abundance against O in the ionized gas to be between 2% and 30% of solar. The depletion of Fe is shown to correlate with the ionization degree, which indicates that dust grains are in small sizes with a ∼ 10Å, which can be significantly high temperature that leads to evaporation after the absorption of one or a few energetic photons. The depletion is also shown to correlate with the color excess, coming from foreground dust grains. They suggested that both correlations seem to require the presence of dust grains differing from classical grains in the respects of their small sizes or loose structure. A fraction of those grains are destroyed in the ionized gas and surviving ones would be pushed outside the ionized region, which produce most of the color excess.
Summary
We observed 14 Galactic star-forming regions with the IRS on board Spitzer. [ ) as to be 0.03-1 and < 0.08, respectively. We have suggested that those indicate roughly the elemental gas-phase abundance ratio of (Si/S) as and (Fe/S) as in most regions. Together with the estimates in the PDR gas, the results indicate that 3-100% of Si atoms and < 22% of Fe atoms are included in dust grains which are destroyed easily in the ionized or PDR gas in H II regions by the UV radiation, or reside in mantles which are photodesorbed by UV photons, organometallic complexes, or in small grains.
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